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Preface
This document contains the proceedings of the NASA Workshop on Computational
Structural Mechanics, held at NASA Langley Research Center, November 18-20, 1987.
The workshop was sponsored jointly by NASA Langley Research Center and NASA
Lewis Research Center.
The purpose of the workshop was to allow participants in Langley's and Lewis'
Computational Structural Mechanics (CSM) research programs to meet and to
share research objectives and accomplishments. The intent was to encourage a
cooperative Langley/Lewis CSM program in which Lewis concentrates on engine
structures applications, Langley concentrates on airframe and space structures
applications, and all participants share technology of mutual interest.
The workshop was organized into the following three sessions:
Concurrent Processing Methods and Applications
II Advanced Methods & Testbed/Simulator Development
III Computational Dynamics
Session I dealt with parallel processing methods and languages, new computer
hardware, and software architecture to exploit parallel computers.
Session II dealt with the Langley CSM Testbed, the Lewis Engine Structures
Computational Simulator, and Structural Analysis Technology involving finite
elements, boundary elements, and probabilistic approaches.
Session III dealt with advanced methods for structural dynamics.
The use of trade names or names of manufacturers in this publication does not
constitute an official endorsement of such products or manufacturers, either
expressed or implied, by the National Aeronautics and Space Administration.
W. Jefferson Stroud
• 4
With the exception of a few adjustments made
primarily for the purpose of uniformity, all pa-
pers have been published as received.
--Editor
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LATDYN CAPABILITIES
Finite Element Based
• General geometry including closed iooi_
Rigid or Flexible Beams
Applied Forces,Displacements,Velocities
Fortran Based Command Language
• Permits external user access to internal
• User written logic commands provide added
over program flow
Nonlinear Springs and Dampers
Control Forces
• Functions of system variables
• Time delay
Lock-up, Docking, Impact
topologies
or Accelerations
fortran code
control
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LATDYN FRAMEWOR_
User Defined Variables
Shells Fit
Explicit Im_icit
Integration Integration
Multi-Body
Mass' & Stiff
LATDYN
Exec'_.ive
Contrc4
Forces
%
Constraint
Stabilization
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(- 'CUT AND PASTE' ALGORITHMS
( MODEL STRUCTURE
THE STRUCTURE VIEWED AS A COLLECTION OF
DISCONNECTED SUBSTRUCTURES
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( A 'CUT AND PASTE' ALGORITHM
Predictor phase:
an+ 1 -- dn -4-/_tVn -1- (1/2- fl)At2an
v_+l = vn + (1 -7)/_ta,_
• Equation solving phase:
( an+l -- 0
for s- 1, NS do
_S
5__+1 = -(M s +/3At2KS) -1Ksd_+l
an+l = an+l + M s an+l-s
an+l = M-lan+l
Corrector phase"
dn+l = On+l -]- flAt2an+l
Vn+l z Vn_t_ 1 -nu _/Atan+l
eAG_._:.._INTEN_LON ALLll,OLANIL
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( INTERPROCESSOR COMMUNICATIONS
(
)
)
REDUCED SUBSTRUCTURES SHOWING THE
COMMUNICATION DUE TO SHARED DEGREES
OF FREEDOM.
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( OVERVIEW OF GENERAL PROPERTIES
• Parameters:
n - Number of dof in structure.
s- Number of element groups.
p- Number of processors.
i - Number of interface dof.
• General properties:
i) Newmark's method is obtained for s - 1.
( ii) Unconditional stability for all s and 3' >_1/2, 9 ___7/2.
iii) Full concurrency on a p-processor machine
(p <_ n) except for O(i) operation (mass-
averaging).
iv) For given accuracy and n/s -_ ee,
SPEED - UP - { o(pv_),o(p_),
(2D)
(3D)
Pr_r..CL_.,,_ _:AC_ _,-A,_a NOT FILMED
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N Computation
time (milisec.)
64 1.47
96 2.20
160 3.67
288 6.61
544 12.49
Communication
time (milisec.)
0.46
0.46
0.46
0.46
0.46
efficiency
%
76.32
82.86
88.96
93.55
96.48
Rate
Mflop
0.233
0.253
0.271
0.285
0.294
Table 5. Performance of the Bar problem on the 32 Processor Hypercube.
No. of
Elements
128
288
800
2592
9248
Computation
time (milisec.)
25.2
57.1
161.3
530.9
1915.2
Communication
time (milisec.)
7.8
8.6
10.6
14.6
22.6
efficiency
%
76.3
87.0
i
[ 93.9
i 97.3
98.8
I
i
Rate
Mflop
0.232
0.265
0.286
0.297
0.301
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C COMPUTATIONAL EFFICIENCY
1 nb 2 + 2nb (b - semi-bandwidth)• COST ,_, -_
• Square mesh, 12 elements:
GLOBAL 1 )2 2 2)(1 1
_(I+2 (Z+_) +2(1+ + )_
• Partitioned mesh, s- m 2 subdomains:
(
PARTITIONED ,._
8
_
• Equation solving speed-up (n/s ---+oo)"
SPEED - UP(2D) =
SPEED - UP(3D) =
GLOBAL
PARTITIONED
GLOBAL
PARTITIONED
o(_)
'_ 0(8 4/3 )
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PACCURACY ANALYSIS
• Algorithmic phase errors, 1D case:
r
• Maximum celerity of computed waves
Cma== AL/At
AL ---- subdomaln size
• For accurate results, need to take
Cmaz _> C_ OR At <_ AL/c
C_ wave celerity
1088
ol,--I
_I o "0
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( ACCURACY REQUIREMENTS
• Square mesh, s --m 2 subdomains:
AL - L/m _ O(1/v_)
At <_ AL/c- L/mc _ O(1/v_)
• Net speed-up (p - 1):
(
SPEED - UP(2D) _ O(s) x O(1/x/_) -- O(V/_)
• Cubic mesh, s = m 3 subdomains:
AL - L/m _ O(1/s 1/3)
At <_ AL/c L/mc _ O(1/s 1/3)
• Net speed-up (p - 1):
SPEED - UP(3D) _ 0(s4/3:) × O(1/s 1/3) - O(s)
1090
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I=1 o
r_ _ _
1091
( NUMERICAL TESTS
• Square membrane, simply supported, subjected
to uniform initial velocity.
• Finite deflection FE formulation. Triangular el-
ements:
TA 2
W _ _
2 Ao
T- tension
A0 = initial area of triangle
A = deformed area.
( • Quadrilateral elements:
• Parameters: L- 2, T- 1, p- 1.
• Error measure:
ERROR = [w(t) - Wexact(t) ]2 dt] 1/2t 2
1092
,....;
<
z
o
z
[...
z
Z
<.
,...:
.<
1093
/,"
II
(0
o
i
O4
o..
.=
=. z
_o
I I 1 I I
o d o 0 d
I !
IN3_N33VqdSIO W31N30
O
LO
O
-N
°M-N
o
LO
-o
O
d
C,4
!
1094
PRECEDING PAGE BLANK NOT FILMED
((
II
P_
O
II
v
n-
O
u_
m
Z
O
O
d
II
rl-
<
ILl
Z
O
O
II
Z
<
o
r_
o
UD
O
LW
O
O
B °
i
N-
-O
O
OI I I I
d d 0 d d S-
I I
±N3_N3DVgwsIa W3±N3D
1095
(I
.
LO
0
II
(N
d
II
v
o
0
0
I_0
o II
0
o (H
II z
_LN31AI33VqdSIO t=13.LN3:3
O
LO
-o5,
O
LLI
O
m
I--
I..O
-,._:
o
I..O
d
O
d
!
1096
Od
uO
o
q
o 9
d
O
I " I C)
•- d o o o o "-I
IN3LN30V7WSIO W31N30
1097
((
LO
0
II
0
I!
co...
r_
0
L.I_
¢0
0
0
0
1.0
0
0
0
II
¢-
rr"
<
L_
Z
II
Z
0
a
00
I._o
cN
0
0
1.1.1
0
I--
I_0
0
m
0
.0
I I I I
cO _ 0 _ 00 c_l
o d o d o ,
! I
lN3_N33V7dSIC] W31N3D
1098
_ o
e_e
0
_.
._ _
•_ _
1099
(z
oo
d31S 3_NII03WINO3W
!
0
=_-_
o
cO
__o_
-_
1100
¢d ¢d
Q; =.4 S-i
cd cd
o ._
o_ o
u _
_ 0 "_
_ °
_g__.=
_..e_.
_ 0 ._
1101
SINGLE-PROCESSOR SPEED-UPS
(
1024 ELEMENT CASE
NSUB Secs. Speed-up Theory
1 1143 1 1
4 776 1.47 2
16 521 2.19 4
64 326 3.51 8
256 156 7.31 16
1102
o 13.,
°_
e3 _
I::1
,=_,o
hi) e3
I_ .4-,_
t,_
1103
>-,
<
z
0
z
z
z
k-,
f",..2"
.<
r./3
1104
_89- 29 so9 i )XJ; r
PRECEDING PAGE BLANK NOT FILMED
1105
k-
U
C_
<
LU
U3
o.
u_
F-
_3
0_
E
0
u_
_o
°_
0_
r,.)
0
0_
0
0
o
1-4
u
_Q
_0
0
0
1106
I--
or)
=3
n,,"
-1-
I--
L,;
n,,'
IJJ
or3
u.J
n,,"
I-
t
LU
rr"
n-
U
#=4
r_O
c:
#-i
0
0
rj.
"0
c_
u
r_
_3
0
t_
°_
0
_J
0
0
0
0
6
_o
0
0
0m
e,,
c-
o
U
u
2
U
1107
,.4
<
Z
0
[...
Z
[....
Z
Z
<
cD
<
',n
1108
U0
t_
0-
,,<
"l-
r_
LI.I
U.!
rY
._1
.._1
r_
L,I.J
o
PRECEDii,_G Pi_GE BLA;,_K NOT FIL_..fED
1109 L__INTEI_TIONALLI BLANK
..k..
,#.->
o
oqp
C
s_
1110
I
j,
"%
"I-
U
.<
0
r_
L.J
r_
W
W
O_
..-I
,-.I
w
0
1111
a
2
o
r_
u
rn
u
z
0
_J
ORIGINAL PAGE IS
OF POOR QUALITY
1112
a
z
o
r_-
cO
v
<
t,n
6J
U
Z
o
°_
o o
o
o_
_o
_v
o_
0 '_
68a
o
o
m
o
o_
=XS
°_
0-9°
0
_o
_S
o
o
_S
o
<
_S
6
1113
>
F-
U
UJ
r_
0
LJ
Z
.o
b_
r.}
0
6-d
0
b_
0
S.w
0_
.o
0,
0
.9
f,w
0
0
.u
(p
0 -_
'_ 0
0 u
_u
t_
0
o
°,,._
0
0
0
0
0
_._ o_
Cu _
0 _
""'.2,
°oQ I_
-r-
U
0
C_
<
U
Z
0
o
_2u
4-=
°_
._=
E
"4.=
o
l.i
0
0
o_
_2
0
0
0
0
0
o_
o_
0
o_
.=_
_w
o,.._
o
I¢1
0
o_
o_
0
0
0
0
o_
0
°_
0
_u
0
0
u
ff
0
0
0
.u
u:=
0
k)
0
0
t.I
t.I
1114
dL.J
<
o
C_
0..
<[
C_
Z
.<
LLI
>
I"-
L)
UJ
o
LJ
Z
0
0
u
o
o
_o
_o
1115
zz
Z
Z
<
-- 1116
(./3
(./3
LU
r_
0
r_
r_
Ei
L.J
Z
PRECEDING PAGE BLANK NOT FILMED 1 117
r_
0
!
0
0
r_
_J
o
0
o
ORiGIiYAL 7''_>':""
OF POOR QUALITY
, ,, !
/!
\, l
-L i l i
• I
• I
I
.
I
I
o m _ _ _ D Q • II, o
°_
o_
0_
_'_o
_mz
>_ =_
M
8
o
o
-i
_w
,,-_
-...
°
I !
• 0
° 0
I
0
0
en
o
o
,m
o--
2
o
_J
f_
U
1118
1119
1120
°_
E
r-
tm
0
.-Q
M
4-:
U
0
t-,,,"
13_
r_
"I-
U
r_
uJ
U.I
o
U
0
CI3
6
o
o
o
°_
r-
2
r"
0
t"
r,,,.
L)
1121
v1122
1123
b.
•
"I" *"
u') "-'
W r.T._
I I I I I
0 0 0 0 0 0 0 0 0 E_ 0
• • °
0
! °*
o _
4 0
_ u
0 _
m
C
U
1124
oIE o
0
o_
LU
o!m,,,e,
,.,.. _
<-_U.l
ua_
m,,' "-"
o
U
0
er_
5
0
I
0
0
.I
e,.
0
¢-
e-
t.¢
1125
°_
0
"_3 0
o_
4--J _)
tH
o
0 "_
_.._-
U
ILl
0
0
LJ"
"3
0
o
c_
o
0
0
0
0
0
n_
_3
0
0
0
°--
t-
t-
O
t3
u
k.
t_
1126
1127
n2.O
-1.0
_ T'um(t--O.3) t=o s
- , T'e( ") T_m(t=o.s) .t
I l I i I J / ! 1
0.0 1.5 3.0
Hm'isoatal Dimension
1_. S Deplaymmt at _Llnk 1emote _butlp_Lator
1128
m t II/_=N'.
50
0 I I I 1 J 1 1 ! 1 l
0.0 0.6 1.2
!
i
im
5O
2S
0
f
_'" l I
J
I 4 I i
0.0 0.6 1.2
FII.O Performance of Two StabllLcation _hnlquet
for l"hrm_Llnk Remote Manipulator
(Solutlo= Acc_uracy=lO -6)
1129
6 6 •
OF' POOR QUALITY
1130
1131
:].
!
G
OF POOR QUALITY
1132
UD
UD
<
<
O0
CO
UD
0
C_
I
cO
C/9
<
q2 q2
rn
-4._ o,..I
I"4
q2
-4-m
oO
o
0
NS!)- 29810 _//-3
"// /;7J
d _
/
1133
I-.1
s-'-
z
>-
_..J
.--+
I-
t',,-
I-.-
<_
w
z
I--4
z
C_
z
i,
0
z
O'
I--I
I.--.-
._I
0
-r'-
w
I---I
I--
I--
I-.-.I
H
_..,I
S-'-
I-,--I
>
H
I---.
m
£0
0
H
r,.,O
.._!
<
Z
<
_..I
I.--.I
X
<
¢'h
Z
<
_3
z
0
b---t
c_
0
_3
w
.__/
K21
w
e_
0
C
Ix..
<
-1-
U')
!
I---
_..J
W
0
z
H
m
.._
cc}
o
..__i
--m
o
p--
i---i
z
o
H
I--
C_
r'n
H
>
W
t'm
_-+I
r"m
W
l'--
_.J
r',
0
CO
I.--I
G_
>.-
...._I
Z
CO
W
0::
l--
..--j
t",r
I--
¢0
W
m
CO
v
t..m
!
I,,o
o
1134
°,'_ t_
o
r_ _ ,----4
• Q;
._ _ 0
o_,,q
o _'N ;_ _
_ . _,._
0 ._ _ "_ "_ -_
•._ _ _ ._ _ .
_,_._ ,-,. _.
0 _ _._._ _.
t,.; M,'---_ °'_ m
1135
Z
0
m
I,---
Z
ILl
Z
Z
Z
n,!
n,n
.._,1
0
Z
I..I...
0
O
I--
c_
1.1.1
I--
_E
r-
Z
I--
_-I
o_
U"
q,.
ee_
II
A
O
_-I
I--
I.l_
J
O
-p
O
.4-
A
O
+
o
v
A
• ,,,_x_
,-.-.uio.I
"4"
4-
||
A
"4-
II
-r-
vl
Vl
0
J
0
-r-
l--
"1-
I--
I--
-1-
1--
O
'
_E
I--
_E
e_
Z
8
i--.
i.I
_-I
ZD
Z
1136
1137
i--"
._J
r_
I---
._.!
.c(
u.!
:Z)
Z
I.J-
II
n..
4-
4-
C)
n_
v
I
C)
v
+
0
I
0
4-
0
4-
I
I..4--
II
+
,---_ie,J
+
0
I
v
8
f
v
0
I
0 0
II n II
,.4..=a
C)
4-
0
v
n
C_l
II
c_.
.c(
II
LI.J
._J
C_)
v
II
C:)
II
1138
J
/"
/
1139
Z
O
i,--,-
O
n,i
I...-..-
i.,,i.1
I.-..-,
v
e,c_:
A
o,,,=_:
Z
O
0
A
0
v
n,!
>
,--0 !¢_,1
-l,.,
N
-I.-
0
>
-.I-
0
II
0
0,1
'-r-
I---.
N
A
0
o,,_X:
," Ic',,,n
.-.I.-
-.I-
II
0
-t.-
I!
0
v
--I...
0
o,,_:
II
A
v
w,0
-..I
-.i--
A
0
I!
v
e.
Z
0,1
• ,,_:X:
,-.4 ]c,,.I
-'1"
0
>
ii
...F-
II
1140
00
eM,_l
--_ 0
4,_ o _.,,,_
oo_. ,,..,_"_
¢:1,._ ,-_ o
p_o
_ .4,.._0 _
_j q.)
• _
m _
"_ _ "_ 0
.._ _'_ _
1141
Z
O
I---
O
0
Z
0
i..--
:E3
0
Z
J
_J
Z
O
Z
A
<-
>-
I.I-
II
O
I,.I-
>...
Z
m
I-.-
l--
"-r"
I,--
0
C)
!--..
I-..-
Z
I,.l.J
._.1
t-.
Z
t,,/3
ILl
r,,,,
.-.r-
<1
4-
Q
.<:I
t,m
,"_ IC'4
4-
0
<j
,.-,I,,o
4-
A
0
v
I..I,-
I!
0
"i-
I-...-
I,.i-
ii
0
0
1142
Q;
o___
_.R'_ _
_ _"_ _
_ o m'C_
_ "-_ -,-_
_ 0
1143
Z
0
m
I--
0
i.I-
0
z
0
m
I--
0
i.i_1
l',J
l.IJ
Z
m
I
A
v
I.1..
II
0
iv
.=_
A
0
v
v
i,
II
0
It
4-
C._
,-., I¢',1
-!-
II
I
II
I
II
I
II
A
Q
ii.
o<X::
<I
r_
1144
1145
Z0
m
Z
I,i
Z
C_
C__
k--
If)
!
t I
II
!
I
,.--4 CM
I
A
•,,.... C'_
I.L..
I
, <1
II!
_ <:1
I
A A
v C",d
,, O
A
_ Z
A
II
L.I_ II _
"_ °<: ' ,-.-_e,J
,--I _ ,...-4 I
I _
I_
!
L.I-
1146
1147
Z
0
J
o_::
0
ii
Z e_
< <I
I--
0 f I
I
I--
I
1.1-I
I.I-
Z
0
_E
0
LL
Z
..J
D_J
0
Z
I..I-
I
0
I
,,_
0
II
!
II
ii
<1
0
i1
II
r,-4
I..L-
II
0
e_
1148
_._o
o_bO
t_
.x o_
_ _:_ _ ._ ._
_ _0 _'_
_ _'_• _._'_
m . _o_
w
o ,-o _ ¢__,
"._._ _
°_oo_
_'_ 0
0_._ 0 _
1149
Z
O
u
I--.-
Z
ILl
Z
O
r,,,'
i,I
Z
....J
::>,
O
Z
A
1_1...
II
1T
A
<3
I...t_
I!
C3
z
O
M
I--
X
..--I
i,t
I.,L
!
I!
<3
e,,,_
<3
!
O
I!
O
1150

• o
• _ o.o
Z
0
<
Z
Q
Z
o
.-1
<
b,
F_
_1 _
<
o
,.-1
a
o
o.
oo
. o
..... •. . . -.. _. . ._.: .:.
o - .°o o'O °.._.,¢..°:-_..._. -, • o .o
z
0
1"-- I--"
w
Z z
zD I...L.
Z
...-I
I IJ_l
Z
.__1
Z Z
0 0
E:_ LJ
I-- b'-"
Z
_CI Z
1152
1153
" _ IA \
_ ,,,-i i _ ¢'x,,iv
,, I /
II
\i i
._, ._
L.L- _=_ _'_
" I
.._ '-'l I
\
1154 _-_ ._
_ _ o
Q;
Q; _ c.;
_'_
I-I °,,,4
,.Q o _'_
el,,_
• _
Q; Q; .,--_ ¢)
o I_, o
_o_
o_,-I
0 0"-_
1155
N!
_-I
i !
# n
,--,,I ----I
F--"
_ l.t_\
\
II
!
,--0 4-
r_,,n I x _-,I _
u N !
I I
II ii
>-.
xO.
I!
a_
!
>-
>- X
o.n¢
X
\
-I-
.--.I
Zz_
-...,I
>-
4"
!
,...I
X
4-
v .-.I
X >"
4- 4-
II II
•A \
v v
>
A
A _ A
tl
CI_
N
N
n
,..,..I
4-
A
-.,J
<I
_b >-
- I..,I,-
...,.I
_._ X
• ,,_z 4-
II nl
A
o,(_ ,-,.n
1156
_c_
o
o
of-i
_ o _
r_
_ _._
o_
o,._ o
_'_o
_o
° i,.,,i
_-_
1157
b4
O.
Z
o
(,
o
o
0
o
o
o
c_
.G
._<
<l
v
i-
.*<
I
II
,J'<
v
F
.d
t
4_
0
c_
o,-'1
(11
C_
1158
1159
rm
0
I'--
i,I
rm
I.--I
H
,-...
_J
0 0 0 0 0 0 0
1160
<o
27,
<:;
._-.1
.r..q
1161
I-I[ - 1
i-I
O
I @O
-I
l " I
I-
I
.-I
o
<
U
0_
-r
13..
I
P=
L_
-1
1162
PRECEDING PAGE BLANK NOT FILMED
1163
.... J ............
I.LI
,._,1
ILl
I.I.J
t--
Z
IJ..
ILl
Z
--.,.I
0
Z
,..--I
Ill
0
..--I
1164
1165
[-.
13-,
o
b l
O,
t_
o,,-I
0
bl
0
0
0
,
0
0
0
0
0 0
0 (_
>_ 0
L_-_
F-.
0
0
b_
._ 0
0
E
_1_ ,_-I
o,-_
0
0 0
._ ..-.
.0
0
0
,,--_
0
O)
I
(_
L_
o
1166
o]
U
e_
bO bO
0 _____
_._ _'_
0 bO
°m _C_m_
m 0-._
_ .S_£
o _-o_
"_-_ _
_'_ _
_ .,.._
_ 0 _
1167
Z
0
[-.
£-.
Z
o
0
t"
II
-._ //
13
_I===
I
_--I _ _ _
_i __ _-_
i-
ll
\
• ._,:,_.._,_:
1
r_
P-
¢-
II
. o
cJ
1168 ORIGII'q_,L .-..-,,;:_-
OF POOR QUALITY
0 _
• _._ _ _"_
oN o _
_'_ _.C_ •
_ _,_ _ _:._
1169
0._-
B-,
o
0
[-.
r_
Ld
OF POOR-r_L;,_L_r_/
1170
1171
Z
0
Z
C_
E--
E-
f "
[ i I
I!
II
II
m _-2.
OF POOR Qb._LiTY
" 1172
0
_°F-¢
0 t_
-4_
t_ .z:l
u
0
o_ _._
m o t_
..Q
,..., _ 0 t_
_ _. .
• _
m 0 -4._
0
_ _._
1173
<Z
0
Z
Z
v
Z
.<
,-.]
I--
r-1
rO
-<
<-.-
_9
1174
PRECEDING PAGE BLANK NOT FILMED 1175
#--I
C_
Z _'a
I_
_._'Z
!,--
C,_ L
w
w
,,o, <
H._
bP---_
(O H
H ¢,0
/
H
G)
__1
(D
(/-)
m
I--
(.D
W
i-
ll
-'r-
ID
__!
P_
H
1176
m
or"
E3
t"r"
--r"
v
Z
>-
m
m
I---
0
60
v
_!
_.!
H
I--
13_.
,q
,---;
1177
.,.I
Z @I
el@
i
,ww
f_ ,__
I,l
I--I
I--
I,!
0
CD
H
_--
._
Z
>-.
C_
__I
I--
I--
CO
I_,I
Z
I-4
_.I
Z
0
L_
C)
Z
0
I---I
F--
__I
C)
-i-
0
:EZ
IjI
I--I
I--
cO
H
CO
>-
._I
<
Z
.__I
H
X
E_
Z
<
J
Z
0
I--I _-_
CO C__
z
0 H
P- a_
.U C__
C_ C_
Ld _E_
P- 0
-_ __J
0
I,I
Z
H l--
0
Z
C)
-1- H
CO
I
F--
< <
W .__
__
H
>-
<
Z
<
W
ILl
<
!
0 0 0
0
L_
F--
<
L_
1178
GO
H
Z
<
Z
>-
c-_
J
<
I--
I--
Z
F-I
I--
0
Z
I--
CO
I--I
<
Z
>-
C_
I--I
__I
Z
I--I
C)
W
CO
CO
I--I
O0
>-.
.__I
<
Z
<
H
cy_
I--I
I--
__I
0
<
I--
v
H
I--
<
I--
CO
.__I
<
I---
C_
I--
O0
Z
H
CO
I---
O_
Z
I--
0
0
H
6O
H
.__!
.._.!
L_
__.J
....J
i---t
-'r-
t._
I--
0
1179
|
.=i
Z
L_
o
im
f=#=#
I.=,
I=--
L.
"I--
<
0
OF"
r_
Z
0
H
<
rY*.
(_D
I,i
Z
H
I,I
H
I,I
.__I
rrl
<
__I
<
H
rY*
i,i
Z
0
EZ_
Z
<
__J
L_J
0
I,I
Z
H
I,
0
I---
I_:_I
r_
.<
0
0
rY-
i,
Z
0
H
I---
<
__I
0
LI_I
I---
Z
H
Z
I--I
<
I--
0
0
l--
Z
0 J
H I,I
I---r_
< 0
Z
LLI ILl
Z r_"
0 <
(--_0
_.J
< O
r_ I--
I-- L_
0 Z
I--
CO ILl
._J <
L_
0 >
._J <
0
1180
0
I_i_I
ILl
r_
I_I..
I_I..
0
LI_I
I,I
rF
,ILl
-r
.<
i,i
0
I.I_
0
ILl
Z
0
-r
I--
H
LI_I
CI
0
Z
--r-
.<
X
.<
_J
i,i
rY-
0
0
t_
,<
!
o._O
r._
_o nso
o _ _
_ ,_'_-_ _
"N o o
1181
Zo
el
m
m
i
<
r_
H
.__I
H
Z
w
0
r_
<
0
"-1-
w
0 r_
H
F-- r_
<
._j >-
--_ __I
H
0 I--
< <
>- r-_
z
_-J <
-r-
I--!
I---
LLJ
i-- _---
C.D
-r ILl
<
__I
L_ _J
<
<
0
L_J
0 r_
I--- /
F--
0 0
L_J
0
W °
H
i---
Z
H
0
1182
o _'_ _
¢; 0
_o,-4
_o_
•_ _.__ _°
_ _ _ 0
ii o
r_
_ "_ ,._ o
_ _ "_ ,-_ ._
_._
"_ .,.., _
._
_._N_._.
_ _'_N
1183
0""_ I:::l _
o,.,q
._ ..., _
tO= _ o
_° _ "_
_° _
•-_ _ .
..a_g _ _
._ < r_
_ _ _;__ _ _
1184
1. Report No.
NASA CP-10012, Part 3
4. Title and Subtitle
NASA Workshop on
Mechanics- 1987
7. Author(s)
Nancy P.
Report Documentation Page
2. Government Accession No.
Computational Structural
Sykes, Editor
9. Performing Organization Name and Address
NASA Langley Research Center
Hampton, VA 23665-5225
12. Sponsoring Agency Name and Address
National Aeronautics and Space
Washington, DC 20546-0001
Administration
3. Recipient's Catalog No.
5. Report Date
February 1989
6. Performing Organization Code
8. Performing Organization Report No.
10. Work Unit No.
505-63-01-10
t11. Contract or Grant No.
13. Type of Report and Period Covered
Conference Publication
14. Sponsoring ,_gency Code
15. Supplementary Notes
Nancy P. Sykes: Analytical Services and Materials, Inc., Hampton, Virginia.
16. Abstract
This conference publication contains the proceedings of the Workshop on
Computational Structural Mechanics held at NASA Langley Research Center,
November 18-20, 1987. The workshop was sponsored jointly by NASA Langley
Research Center and NASA Lewis Research Center.
The workshop was organized into the following three sessions:
(I) Concurrent Processing Methods and Applications
(2) Advanced Methods & Testbed/Simulator Development
(3) Computational Dynamics
17, Key Words (Suggested by Author(s))
Parallel Processing
Computational Dynamics
Testbed
Computational Structural Mechanics
'19. Security Classif. (of this report)
Unclassified
r18. bistribution Statement
Unclassified - Unlimited
;
Subject Category 39
20. Security C!assif. (of this page)
Unclass [ fic.d
22. price
At9
NASA FORM 1626 OC7 86 For sale by the National Tc¢:hnictd Information S¢_r,'ice, Sl.)rh=gticld , Virghda 22161-2171
